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Real-Time, Fluoroless, Anatomic-Guided Catheter
Navigation by 3D TEE During Ablation Procedures
Francesco F. Faletra, MD, François Regoli, MD, PHD, Gaetano Nucifora, MD,
Angelo Auricchio, MD, PHD
FLUOROSCOPY AND INTEGRATED 3 -D IMENS IONAL ( 3D ) ELECTRONA -
TOMICAL MAPP ING are currently the most used techniques to support catheter navigation
ithin heart chambers. The real-time visualization of catheter movements within the heart can be easily
rovided by ﬂuoroscopy; its use, however, carries potential signiﬁcant biological risk and does not
ender precise visualization of catheter tip-heart wall contact. On the other hand, registration process
f 3D cardiac computed tomography or cardiac magnetic resonance images on the electroanatomical
ap may carry some modest errors, but more importantly, it uses pre-acquired images (usually in late
ystole) limiting the reliability in establishing precise catheter tip-heart wall relationship over the entire
ardiac cycle.
eal-time 3-dimensional transesophageal echocardiography (RT3DTEE) provides high-quality images of
he posterior structures of the heart and their respective endocardial surface. Moreover, RT3DTEE may
ave enough temporal and spatial resolution to potentially track catheter movement into the heart,
hus enabling real-time navigation of electrophysiological diagnostic and mapping catheters.
e present a collage of representative images obtained in 4 different radiofrequency catheter ablation
RFCA) procedures supported by RT3DTEE for navigation purposes including ablation of inferior isthmus
n a patient with cavotricuspidal isthmus-dependent ﬂutter (Fig. 1), isolation of pulmonary veins in a
atient with paroxysmal atrial ﬁbrillation (Figs. 2 and 3), ablation of left posteroseptal accessory
athway in a patient with symptomatic Wolff-Parkinson-White syndrome (Fig. 4), and ﬁnally, ablation of
e-entry post-ischemic ventricular tachycardia in a patient with inferoposterior left ventricular aneurysm
Fig. 5).
he common thread of the presented cases is represented by the possibility to precisely navigate within
oth atria and posterior portions of the left ventricle by using high-quality, real-time 3D images
enerated by RT3DTEE in order to treat common arrhythmias. This new navigational approach may be
articularly useful when long ﬂuoroscopy time and dose is expected during complex RFCA or in obese
atients, or in children in whom biological sensitivity to radiation is signiﬁcantly higher than in older
From the Division of Cardiology, Fondazione Cardiocentro Ticino, Lugano, Switzerland. Dr. Auricchio is a consultant for
Sorin Group, Medtronic, Biotronik, and Philips Medical Systems. He has received research grants from Sorin Group,
Medtronic, Biotronik, and Boston Scientific. The other authors have reported that they have no relationships to disclose.
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 4 , N O . 2 , 2 0 1 1
F E B R U A R Y 2 0 1 1 : 2 0 3 – 6
Faletra et al.
RT3DTEE During Ablation Procedures
204patients. However, prospectively conducted, eventually randomized trials evaluating procedural
success, ablation time, and ﬂuoroscopy time and dose need to be conducted to establish the real value
of RT3DTEE in the setting of RFCA.
Figure 1. Ablation in a Patient With CVTI-Dependent Atrial Flutter
Real-time 3-dimensional transesophageal echocardiography (RT3DTEE) images of cavotricuspid isthmus (CVTI) in a perspective similar to the right anterior
oblique ﬂuoroscopic view are shown (A, B, and C). This perspective is obtained from a 4-chamber view with a slight clockwise rotation of the image. The images
demonstrate the catheter (arrow) moving from lateral (A) to inferior (B) and septal isthmus (C). In panels D, E, and F RT3DTEE images show the catheter with-
drawing from (D) the tricuspid valve (TV) hingeline to (E) mid- and (F) posterior regions near the oriﬁce of the inferior vena cava (IVC). The RT3DTEE perspective,
which is similar to the left anterior oblique ﬂuoroscopic view with cranial angulation, is obtained with a counter clockwise rotation of the image from the
4-chamber view and a slight up-down angulation. CS  coronary sinus; FO  fossa ovalis.
Figure 2. Images of the 4 Pulmonary Veins and Catheters
(A) RT3DTEE images of the oriﬁces of left upper pulmonary
vein (LUPV) and left lower pulmonary vein (LLPV). This view is
obtained from the atrial perspective with a slight counter
clockwise rotation of the probe. The oriﬁce of LUPV is perfectly
imaged en face, making it possible to look inside the vein. (B)
RT3DTEE images of the oriﬁces of right upper pulmonary vein
(RUPV) and right lower pulmonary vein (RLPV). This view is
obtained from the atrial perspective with a nearly 90°
clockwise rotation of the probe. (C) Fluoroscopic imaging of
mapping (Map) and ablation (Abl) catheter. (D) RT3DTEE
images of both catheters. The dotted line follows the circular
shape of the mapping catheter. LLA  left atrial appendage;
LOM  ligament of Marshall; MV  mitral valve; other
abbreviation as in Figure 1.
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205Figure 3. Fluoroless, Anatomic-Guided Navigation During Pulmonary Veins Isolation
(A) The mapping catheter (Map) is placed on the oriﬁce of the upper left pulmonary vein. The ablation catheter (Abl) is moving around the oriﬁce, in clockwise
rotation, at (A) 12 o’clock, (B) 3 o’clock, (C) 6 o’clock, and (D) 9 o’clock.Figure 4. Radiofrequency Ablation in a Patient With
WPW Syndrome
(A) RT3DTEE image in zoom modality of the left side of the
atrial septum seen from an oblique perspective, during the
transseptal catheterization. This unique perspective allows the
precise location of the tip of catheter and the tenting (arrow).
(B) RT3DTEE of mitral valve from an atrial perspective. The
arrow points to the tip of the catheter near the medial
commissure. The 3 scallops of the posterior leaﬂet (P1, P2,
and P3) can be visualized. (C) Shows the same perspective of
(B). The tip of the catheter is ﬁrmly placed on the lateral
portion of the annulus (arrow). (D) RT3DTEE image form a
posterior–medial point of view. The image is obtained by
cropping the posterior half of the image in (C) and rotating it
down and slightly counter clockwise. The arrow points to the
tip of the catheter. Note how the delivery of radiofrequency
energy forms 3-dimensional bubbles (white circle). AML 
anterior mitral leaﬂet; Ao  aorta; MVO  mitral valve oriﬁce;
LAA  left atrial appendage; WPW  Wolff-Parkinson-White;
other abbreviation as in Figure 1.
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Figure 5. Ablation in a Patient With Ventricular Tachycardia
(A) RT3DTEE image in a cut similar to long-axis view showing a large, elliptic, inferoposterior basal aneurysm (An). The aneurysm is seen in “en face” perspective.
Being deeper than the surrounding myocardium, the ﬂoor of the aneurysm, which is represented in the bronze/blue color map vision, is imaged with a more
pallid shade of color. The catheter (cath) is seen passing through the aorta. The arrows point to the tip of the catheter placed near the posterior margin of the
aneurysm. The tip of catheter may be followed as it is moving in different directions and placed on (B) the inferior, (C) anterior, and (D) anterosuperior margins
of the aneurysm (arrow), allowing a precise anatomic-guided navigation in real time. Abbreviations as in Figures 1 and 4.
